Using positron emission tomography we explored brain regions activated during the perception of face expressions, emotional voices and combined audio-visual pairs. A convergence region situated in the left lateral temporal cortex was more activated by bimodal stimuli than by either visual only or auditory only stimuli. Separate analyses for the emotions happiness and fear revealed supplementary convergence areas situated mainly anteriorly in the left hemisphere for happy pairings and in the right hemisphere for fear pairings indicating different neuro-anatomical substrates for multisensory integration of positive versus negative emotions. Activation in the right extended amygdala was obtained for fearful faces and fearful audio-visual pairs but not for fearful voices only. These results suggest that during the multisensory perception of emotion, affective information from face and voice converge in heteromodal regions of the human brain.
INTRODUCTION
Perception of emotion in the voice and the face has a central function in communication and normally proceeds effortlessly and accurately. Recent studies using brain imaging have extended our knowledge about the neuro-anatomy of emotional face and voice recognition and have added support to insights obtained with neuropsychological methods (Gainotti, 2000; Adolphs, 2002) . But in many natural circumstances we perceive a face and a voice expression at the same time. This situation of multisensory perception of emotion can be compared with other better known multisensory phenomena like audiovisual speech (McGurk and MacDonald, 1976) or ventriloquism (Bertelson, 1999) in which the perceptual system extracts relevant information for a given event and combines it to form one unified percept. The goal of our study was to build upon previous studies of this phenomenon (de Gelder and Vroomen, 2000; Pourtois et al., 2000; Dolan et al., 2001) and to address the question of the integrated perception of emotion in the voice and the face.
Previous studies on how emotion is perceived when provided by either the face or the voice have contributed valuable insights on processes in each modality separately. Specific areas have been found for processing the affective information provided by the face (George et al., 1993; Adolphs et al., 1996; Morris et al., 1998) . Depending on whether a facial expression has a positive or a negative valence, laterality effects were observed indicating that visual stimuli with positive valence are processed predominantly in the left hemisphere and negative ones in the right hemisphere (see Davidson and Irwin, 1999 for a review). Beyond these differences in laterality a more specific picture of separate neuro-anatomical structures for some specific facial expressions is emerging. Amygdala activates to fearful (Morris et al., 1996) and also to angry faces (Morris et al., 1998) . The amygdala activation is usually less consistent for positive emotions than negative emotions (see Zald, 2003) . Much less is known about the neuroanatomy of the perception of affective expressions in the voice or affective prosody (Ross, 2000; Buchanan et al., 2000) . In comparison with the processing of facial expressions, there have been only a few attempts to identify the specific neural sites for processing emotions in the voice (George et al., 1996 ; see Ross, 2000 for a review). Recent neuropsychological data (Adolphs et al., 2002) confirm that lower emotional prosody recognition is associated mostly with damage in the right frontal cortex but also indicate a role of the temporal polar cortex in this process.
Other studies have investigated what is usually referred to as modality independent or amodal emotional processing. In this case researchers look for common processing resources and overlapping brain structures for face and voice expressions (Borod et al., 2000; Royet et al., 2000) . The issue of overlapping brain structures has mainly been addressed by looking for correlations between emotional processing in different sensory channels. For example, parallel impairments were observed in recognition of fear in the face and in the voice in patients with amygdalectomy (Scott et al., 1997 ; but see Anderson and Phelps, 1998 
